Background: The mesenchymal-epithelial transition (MET) pathway is frequently altered in tumours. The purpose of our study was to determine the prognostic value of tumour MET expression levels in patients with triple-negative breast cancer (TNBC), in order to strengthen the rationale for targeted therapy of TNBC using MET inhibitors.
Triple-negative breast cancers (TNBCs) are characterised by the lack of expression of oestrogen receptor, progesterone receptor, and human epidermal growth factor receptor 2 (HER2; Dent et al, 2007) . These cancers occur in approximately 20% of all patients with breast cancer and are associated with an unfavourable prognosis (Haffty et al, 2006) . Patients with TNBC derive no benefit from endocrine therapy or HER2-targeted trastuzumab, because they lack the appropriate targets for these drugs. Current standard treatment is a combination of therapies such as surgery, radiation, and chemotherapy with novel agents in clinical trials for this indication. Knowledge of molecular biomarker associated with prognosis may help to devise new treatment strategies to improve the clinical outcome of TNBC.
A potential candidate biomarker is the mesenchymalepithelial transition factor (MET), a receptor tyrosine kinase, which has a key role in cell survival, growth, angiogenesis, and metastasis (Gherardi et al, 2012) . MET and its physiological ligand, the hepatocyte growth factor (HGF) or scatter factor (SF), are required for normal mammalian development and have an important role in epithelialmesenchymal interactions during organ morphogenesis (Gherardi et al, 2012) .
The MET and HGF/SF are significantly overexpressed relative to normal tissue in a variety of carcinomas including lung, breast, colorectal, head and neck, and renal carcinomas (Sierra and Tsao, 2011) . In addition, MET amplification has been reported in gastric cancer, colorectal cancer, gliomas, and breast cancer (Wullich et al, 1994; Di Renzo et al, 1995) . In a recent study, amplification of the MET gene was assessed in patients with early stage breast cancer (Gonzalez-Angulo et al, 2012) . MET copy number elevations were observed in 8% of breast cancers and were more likely to occur in patients with triple receptor-negative disease (P ¼ 0.019). Moreover, patients with tumours harbouring an elevated MET copy number tended to have worse 5-year recurrence-free survival (RFS; P ¼ 0.06). As a result of its key function in cellular processes, MET is currently under investigation as a potential target for anticancer therapy in several types of human solid tumours (Gherardi et al, 2012) .
The purpose of this study was to determine the prognostic value of tumour MET expression in patients with TNBC, in order to strengthen the rationale for targeted therapy of TNBC using MET inhibitors.
PATIENTS AND METHODS
Patients. Tumours negative for oestrogen receptor (cutoff o10% positive tumour cells), progesterone receptor (cutoff o10% positive tumour cells), and HER2 (0, 1 þ , or 2 þ on immunohistochemistry and/or normal gene copy number by fluorescence in situ hybridisation) were classified as TNBC. We did not include further markers such as basal cytokeratins and/or EGFR that may identify a group of tumours that have a distinct adverse prognosis within the TNBC subgroup and that overlap with basal-like breast cancers (Tischkowitz et al, 2007) .
Adequate formalin-fixed, paraffin-embedded tumour blocks, clinical history, and follow-up data from 83 cases of histologically confirmed patients diagnosed with TNBC between 1998 and 2009 were identified from the Department of Obstetrics and Gynaecology, Alexandra Hospital, Medical School, University of Athens, Athens, Greece. In addition, 87 tumour blocks of TNBC patients diagnosed between 1999 and 2003 from the Department of Pathology, Medical University of Vienna, Vienna, Austria were included.
Clinical information (including the patient's age, menopausal status, tumour size, lymph node status, tumour grade, and histology) and primary treatment (including surgery, radiotherapy, and chemotherapy) was extracted from the medical records. Exclusion criteria were: none-TNBC, in situ lesions, family history of breast cancer, inadequate tissue, and not signed informed consent.
Written informed consent was obtained by all subjects participating in the study. The study is in accordance with the Helsinki Declaration and has been approved by the local Institutional Review Boards.
Tumour block collection. For the current research project, the participating pathologists were asked to provide a representative formalin-fixed, paraffin-embedded tumour block from each patient. All tumour specimens were obtained at the time of surgery before adjuvant therapy. Paraffin blocks were stored at room temperature and were identified only by an identification number. A haematoxylin/eosin-stained section of each tumour block was prepared and used for pathologic confirmation of present TNBC. Further 4-mm sections were obtained for the immunohistochemical analysis.
Immunostaining for MET. Immunohistochemistry was performed and evaluated in an ISO-certified lab at the Department of Medicine I, Medical University of Vienna by means of a standard protocol.
Briefly, tissue sections were deparaffinized and rehydrated. To reduce nonspecific background staining, slides were incubated in 0.3% H 2 O 2 for 10 min. For epitope retrieval, specimens were heated for 10 min in 10 mM citrate buffer (pH 6.0) in a pressure cooker. After incubation with Ultra V Block (UltraVision LP detection system, Lab Vision Corporation, Thermo Fisher Scientific Inc., Pittsburgh, MA, USA) for 5 min at room temperature to block background staining, the tissues were incubated for 30 min at room temperature with a rabbit monoclonal antibody specific for MET (CONFIRM anti-Total c-MET, SP44, ready-to-use, Ventana, Oro Valley, AZ, USA). Antibody binding was detected by means of the UltraVision LP detection system according to the manufacturer's recommendations (Lab Vision Corporation). Colour development was performed with 3-3 0 -diaminobenzidine and counterstain with haematoxylin. Sections of head and neck cancer specimens known to express MET served as positive controls (Perisanidis et al, 2012) .
Expression of MET was examined blinded to clinical data of the patients. At least 100 tumour cells per case were evaluated. Immunostaining was classified based on membrane staining intensity and percentage of MET-positive tumour cells. Staining intensity was scored as 0 (absent), 1 (weak) and 2 (moderate), 3 (strong). For comparison with clinical parameters and survival, expression levels of MET were dichotomised into 'high' and 'low' expression. In order to be classified as high, tumour sections had to have moderate or strong membrane staining in equal or 450% of invasive tumour cells (Dziadziuszko et al, 2012; Oliner et al, 2012) .
Statistical analyses. The primary end point of our study was RFS. Overall survival was analysed as a secondary endpoint. Assumed a 5-year RFS rate of 65% for MET-high patients and 90% for MET-low patients, the estimated power for 170 patients is 98% for detecting a 25% absolute RFS difference at 5 years with a two-sided type I error of 5% (assuming that marker-positive and markernegative patients are equally distributed).
Baseline data according to MET protein expression status were compared in univariate analyses using the w 2 test. The MannWhitney U-test was used for continuous variables. Survival time was defined as the period between the date of surgery and the date of death of any cause (overall survival) or the period between the date of surgery and date of first local/distant recurrence or last follow-up (RFS). Patients who died before experiencing disease recurrence were censored at their date of death in the RFS analysis. Survival rates were estimated by means of the Kaplan-Meier method. Differences between survival curves were analysed by means of the log-rank test. The independent prognostic value of MET was studied with Cox models, which were adjusted for age (as a continuous variable), tumour size (T1, T2, T3, or T4), lymph node status (N0, N1, N2, or N3), and tumour grade (G1, G2, or G3). All reported P-values are two sided. All analyses were performed with the use of IBM SPSS Statistics software, version 20.0 (SPSS, IBM Corporation, Armonk, NY, USA).
RESULTS
A total of 170 tumour blocks were of sufficient amount and quality for sectioning. Protein expression of MET was evaluated in these 170 specimens and all further statistical analyses were performed on this patient population. We assessed tumour MET expression using standard immunohistochemistry. Immunostaining of MET was membranous and partly cytoplasmatic. Only membrane staining was used for evaluation. Figure 1 shows representative examples of MET immunostaining. Comparisons of MET expression with clinical parameters including survival of the patients were performed with MET expression as a dichotomised variable classified as high or low.
Of the 170 tumours, 89 (52%) showed high MET expression. Table 1 compares the characteristics of the patients according to MET expression in univariate analyses. High MET expression was more frequently observed in G3 carcinomas (P ¼ 0.02) but was not significantly correlated to any of the other clinical or pathological parameters (Table 1) .
At a median follow-up of 7.4 years (95% confidence interval (CI) 6.5-8.3 years), 45 of 170 (27%) patients experienced a local/distant recurrence and 38 of 170 (22%) patients had died. In univariate survival analyses, tumour size (hazard ratio (HR) for recurrence 1.75; 95% CI 1.21-2.54; P ¼ 0.003), and lymph node status (HR for recurrence 1.46; 95% CI 1.13-1.88; P ¼ 0.004) were significantly associated with RFS (Table 2) . Tumour size (HR for death 1.58; 95% CI 1.04-2.40; P ¼ 0.03) correlated significantly with overall survival. The 5-year RFS of all 170 patients was 77%. Patients with MET-high tumours had a significantly shorter RFS than those with MET-low tumours (Table 2, Figure 2A ). Five-year RFS was 67% for patients with MET-high tumours whereas it was 89% for patients with MET-low tumours (Po0.001; Figure 2A ). The 5-year overall survival rate of all 170 patients was 83%. Five-year overall survival was 76% in patients with MET-high tumours and 92% in patients with MET-low tumours (P ¼ 0.001; Figure 2B) . The independent effect of MET expression on RFS and overall survival was assessed by Cox proportional hazards regression models adjusted for age, tumour size, lymph node status, and tumour grade (Table 2) . In these analyses, MET expression was significantly associated with RFS (adjusted HR for recurrence 3.43; 95% CI 1.65-7.12; P ¼ 0.001) and overall survival (adjusted HR for death 3.74; 95% CI 1.65-8.46; P ¼ 0.002; Table 2 ). Thus, MET is an independent prognostic factor in patients with TNBC.
DISCUSSION
In our study, we demonstrated that tumour MET expression status is an independent prognostic factor in patients with TNBC. Recurrence-free and overall survival was shorter in TNBC patients with high tumour MET expression than in patients with low tumour MET expression. Our observation is consistent with several previous reports, which demonstrated a poor prognostic value of high MET expression in breast cancer (Ghoussoub et al, 1998; Camp et al, 1999; Nakopoulou et al, 2000; Tolgay Ocal et al, 2003; Lengyel et al, 2005) . In the current analysis, we observed high MET protein expression in 52% of TNBCs, which is higher compared with other reports (15-28%; Ghoussoub et al, 1998; Camp et al, 1999; Nakopoulou et al, 2000; Tolgay Ocal et al, 2003; Lengyel et al, 2005) . However, the other reports included all subtypes of breast cancer and were not restricted to TNBC. Interestingly, in a recent report a higher frequency of MET gene copy number elevations was observed in TNBC compared with other breast cancer subtypes, which is in line with our findings (Gonzalez-Angulo et al, 2012) .
The MET signalling pathway is frequently altered in human cancers and represents an attractive target for anticancer therapy (Sierra and Tsao, 2011) . Several studies have shown that genetic abnormalities, which lead to aberrant MET signalling can cause human cancer. When mutated MET was used to replace endogenous MET in the mouse germ line, these mutations cause a variety of tumours including sarcomas, lymphomas, and carcinomas (Graveel et al, 2004) . When expressed in the mammary gland, they induce basal-like breast carcinomas (Ponzo et al, 2009 ). In addition, activating mutations of MET are clonally selected for during the metastasis of human head and neck cancers, as their frequency increased from 2% in the primary tumours to 50% in the metastases, and this suggests that aberrant MET is associated with progression and metastasis (Di Renzo et al, 2000) . Finally, in several human solid tumours including gastric, oesophageal, and breast cancer, amplification of MET (on chromosome 7q31) can occur (Houldsworth et al, 1990; Rege-Cambrin et al, 1992; Gonzalez-Angulo et al, 2012) . These data provide additional rationale to target the MET signalling pathway for cancer therapy.
MET is inhibited by specific small molecule inhibitors or monoclonal antibodies (Gherardi et al, 2012) . They inhibit proliferation and induce apoptosis in cell lines derived from several human cancers (Sierra and Tsao, 2011) . The clinical relevance of MET inhibitors is currently under investigation, with tivantinib and onartuzumab being the main representatives of MET inhibitors (Gherardi et al, 2012) .
Tivantinib (ARQ 197 ) is an oral, selective, non-adenosine triphosphate competitive MET inhibitor. Data from phase I trials demonstrated that tivantinib as monotherapy (Rosen et al, 2011; Yap et al, 2011) as well as combined with erlotinib (Goldman et al, 2012 ) is well tolerated with significant antitumour activity. On account of these favourable results, a phase II trial has been conducted evaluating the combination of erlotinib plus tivantinib in previously treated non-small-cell lung cancer patients (Sequist et al, 2011) . Although this study did not meet its primary endpoint, evidence of activity was demonstrated, especially among patients with KRAS mutations and a phase III trial is currently ongoing (Scagliotti et al, 2012) .
Onartuzumab (MetMAb, OA-5D5) is a one-armed monoclonal antibody developed to bind to and inhibit MET receptor tyrosine kinase. This agent holds great promise in diseases thought to be driven by aberrant MET signalling. Data from phase I trials demonstrate that onartuzumab is well tolerated in patients with advanced solid tumours (Moss et al, 2010a, b) , with fatigue, peripheral oedema, and hypoalbuminemia being the most frequent treatment-related adverse events (Moss et al, 2010b) . Moreover, its combination with bevacizumab seems to be generally safe and well tolerated (Moss et al, 2010a) . In addition, in a randomised phase II trial of onartuzumab in combination with erlotinib in patients with advanced NSCLC demonstrated an overall survival benefit from the combination in MET immunohistochemistry-positive tumours; the addition of onartuzumab to erlotinib in these patients significantly improved progression-free and overall survival, resulting in a near three-fold reduction in the risk of death (Spigel et al, 2011) . Currently, phase II and III clinical trials in a variety of malignancies including non-small cell lung cancer (ClinicalTrials.gov Identifier: NCT01456325, NCT01244191), colorectal cancer (ClinicalTrials.gov Identifier: NCT01418222, NCT01075048), gastrooesophageal cancer (ClinicalTrials.gov Identifier: NCT01590719), multiple myeloma (ClinicalTrials.gov Identifier: NCT01447914), prostate cancer (ClinicalTrials.gov Identifier: NCT01519414), and glioblastoma (ClinicalTrials.gov Identifier: NCT01632228) are ongoing. With regard to breast cancer, a phase II trial examining tivantinib in patients with recurrent or metastatic TNBC (ClinicalTrials.gov Identifier: NCT01575522) and a randomised phase II study evaluating the safety and efficacy of onartuzumab and/or bevacizumab in combination with paclitaxel in patients with metastatic TNBC (ClinicalTrials.gov Identifier: NCT01186991) are currently ongoing.
In conclusion, our findings suggest that MET is a prognostic marker in patients with TNBC. Thus, the MET pathway may be a potential target for therapy in patients with TNBC. Abbreviations: CI ¼ confidence interval; MET ¼ mesenchymal-epithelial transition. Variables were coded as described in Table 1 .
